The DNA sequence located between mecA, the gene that codes for penicillin-binding protein PBP2', and insertion sequence-like element IS431mec has been termed hypervariable because of its length polymorphism among different staphylococcal isolates. We sequenced and characterized the hypervariable region of the methicillin resistance determinant (mec) isolated from Staphylococcus aureus BB270. Within the 2,040-bp hypervariable region, we identified an unusual accumulation of long direct repeats. Analysis of the DNA sequence revealed a minimal direct repeat unit (dru) of 40 bp which was repeated 10 times within 500 bp. The dru sequences are responsible for the length polymorphism of mec. Moreover, we identified an open reading frame that codes for 145 amino acids (0RF145), whose deduced amino acid sequence showed 57% amino acid sequence similarity to the N terminus of the glycerophosphoryl diester phosphodiesterase (UgpQ) of Escherichia coli.
lack an allelic site for mec. The mec determinant carries the mecA gene, which codes for the low-affinity penicillinbinding protein PBP2' (or PBP2a) (18, 47, 48) , the component required for expression of Mcr. The mecA gene has been cloned and sequenced by different researchers (5, 27, 34, 38, 40, 41) . Transformation of Mcs staphylococci with a plasmid bearing mecA renders the recipient strain resistant to methicillin (21, 32, 41, 45) .
On the mec determinant, Barberis-Maino et al. (3) have identified an insertion sequence-like element, termed IS431 (also reported as IS257), which is associated with mecA (3, 25, 36) . The intervening DNA sequence between IS431mec and mecA of various mec determinants has been claimed to be hypervariable, because the IS431mec-mecA region shows DNA restriction length polymorphism (11, 14, 22, 45) . Virtually no other sequences on mec, except mecA and IS431mec, have been determined.
In staphylococci, many resistance determinants, located either on plasmids or on the chromosome, are flanked by single or multiple copies of insertion sequence-like elements, and insertion sequences have also been found to flank the tra genes of conjugative plasmids (5, 10, 13, 15) . Insertion sequences or transposon attachment sites on the chromosome may function as target sites for recombination of different genetic elements such as, e.g., resistance genes, plasmids, bacteriophages, and transposons. Therefore, the possible involvement of IS431mec in gene transfer is a tempting hypothesis. The region comprising mecA and * Corresponding author.
IS431mec seems indeed to be active in promoting rearrangements of mec-associated DNA segments. Trees and landolo (44) have reported the transient mobilization of mec from the chromosome onto penicillinase plasmid pI524 (44) , while Matthews and Stewart (28) have shown that specific mecassociated sequences have the potential to amplify when the cells are grown under increasing concentrations of methicillin. The amplified DNA region involved in these events comprised IS431 and its flanking region. Deletions occurring in the mec region involving mec and associated flanking sequences were observed repeatedly (17, 27, 31, 49) . The elimination of different resistance determinants related to mec were found to be bound to loss of Mc'. The site of excision was often located within or near IS431 (22, 27, 31, 49) . All of these phenomena account for the instability or fluctuation of mec-associated sequences and appear to share a common site, namely, the DNA comprising IS431 and its flanking DNA regions. To investigate the nature of this interesting DNA region and its associated length polymorphism, we subcloned and sequenced this DNA region of the mec determinant isolated from Mcr S. aureus BB270.
MATERIALS AND METHODS
Bacterial strains and plasmids. Mc' S. aureus BB270 (7) was the DNA source for all of the experiments in this study. Mcr S. aureus BB565 was BB270 carrying penicillinase plasmid pI524 (33) , and Mcs S. aureus BB308 is a femA mutant of BB270 (6) . The Escherichia coli strains used were JM109 (50) for the M13-based sequencing strategy and DH5a (Gibco BRL) for pTZ18R and pGEM11 cloning. Plasmidencoded proteins were expressed in the maxicell system of E. coli CSR603 (35) . E. coli Brz495 (ugpQ plsB plsX), which does not grow on glycerophosphorylcholine as the phospholipid source except when complemented by ugpQ+ (9) , was used for complementation analysis with plasmid pBBB56. Plasmid pBBB56 carries a 3.5-kb BglIl insert which starts at the end of the mecA gene and spans the hypervariable region (see Fig. 1A (Fig. 1A) . A potential -10 region and a potential ribosomal binding site were identified in the 5' region of ORF145 ( Fig.  2A) , supporting our assumption that ORF145 is expressed in S. aureus.
Total RNAs of different Mcr S. aureus strains were analyzed by Northern (RNA) blotting for expression of the ORF145 gene. Here we show the result of the analysis of two Mcr S. aureus strains. The Northern blots were probed by using a 477-bp MaeIII-HindIII DNA fragment, the ORF145 probe (Fig. 1A) , which covered ORF145. This experiment showed that ORF145 codes for a small mRNA of approximately 600 nt (Fig. 4) Fig. 2B showed a significant similarity of 57% (total amino acid identity of 36%) to UgpQ, a glycerophosphoryl diester phosphodiesterase, the product of the fifth gene (ugpQ) of the inducible sn-glycerol phosphate uptake regulon in E. coli (9, 24, 43) . The similarities were located in the N-terminal sequence and covered the putative catalytic domain of UgpQ (42) . Furthermore, plasmid pBBB56 was able to complement ugpQ E. coli mutant Brz495, allowing growth within 48 h on minimal medium when supplemented with glycerophosphorylcholine as the phospholipid source, whereas the vector pTZ18R alone did not, suggesting that ORF145 can act as a glycerophosphoryl diester phosphodiesterase in the gramnegative host. . . that the DNA length polymorphism of the staphylococcal mec determinant is due to the presence of a very unusual cluster of 10 long direct repeats with a best minimal repeated sequence of 40 nt. We termed this novel structure on the mec determinant of S. aureus dru and the DNA sequence in which the dru's are located the dru element. We calculated a consensus sequence on the basis of the best probability that a certain nucleotide would occur at the same position within the different dru's. We did not determine the 5' and 3' ends of dru, and it is to be handled as a circular sequence. The dru's are contiguous, with exception of a 1-nt shift between dru481 to dru522 and dru722 to dru763. dru441, dru481, and dru562 are identical and, like dru682, have 95% homology to the calculated consensus sequence. As for other repeated sequences in prokaryotes (19) , the function and perpetuation of these elements remain to be established. An additional intriguing observation of the hypervariable region was made by analyzing its G+C content. As shown in Fig. 3A Fig. 2A ). These dru sequences were identified by searching the 2,040-bp sequence with the calculated dru consensus and by using a stringency of 60%. The possible dru consensus sequence was determined by calculating the probability that a nucleotide would be at the same position within the 40-bp dru sequences. The calculated probabilities were C, 87%; T, 82%; A, 56%; A, 70%; G, 87%; T, 64%; A, 88%; A, 95%; A, 96%; A, 93%; T, 90%; T, 93%; G, 71%; C, 85%; A, 77%; G, 87%; A, 87%; T, 88%; A, 88%; A, 100%; G, 89%; A,72%;G,84%;G,94%;T,82%;A,48%;T,40%;G,81%;T,83%; T, 97%; A, 92%; A, 98%; A, 95%; A, 100%; G, 93%; C, 88%; A, 93%; G, 92%; T, 94%; and T, 94%. We did not define the precise 5' and 3' ends of the dru consensus sequence, and it should therefore be considered as a circular string of probable positions for the given nucleotides. (19) . Hermans et al. have shown further that this region is a hot spot for integration of insertion elements (IS987) in the chromosome (19) . These results corroborate the possible role of the dru's as a hot spot for attracting IS elements and resistance determinants in staphylococci.
DISCUSSION
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Additionally, we identified ORF145, which codes for a protein with an amino acid sequence comparable to that of the glycerophosphoryl diester phosphodiesterase (UgpQ) of E. coli (9, 24, 43) . We found that transcription of ORF145 in coagulase-negative and -positive Mcr staphylococci was constitutive. Furthermore, by Northern blot analysis using the ORF145-specific probe, we detected two different mRNAs. One, 600 nt long, had approximately the size predicted for ORF145. The longer mRNA was not always detectable, and the hybridization signal was variable among the various RNA preparations and strains. The role and The nature of the staphylococcal mec determinant has yet to be determined. It may be that the mec determinant contains genes or gene fragments of chromosomal origin from other species. Furthermore, the overall organization of gene clusters of different species seems to be conserved within smaller or larger sections of the chromosome. In E. coli, the ugp operon (min 76) maps close to genes for cell wall-metabolizing enzymes, a striking similarity to the organization of mec, where PBP2' is located next to ORF145, a ugpQ-related enzyme (2, 9). One could then speculate that a section(s) of the mec determinant might be of chromosomal origin and has been truncated and mobilized, presumably by the dru element or IS431.
